In the last years real-time imaging and more complex models for the various imaging applications became feasible mostly because of the progress made in parallel computer architectures like found in GPUs and modern multi-core CPUs. However, the implementation effort increases, if one wants to achieve good performance. A solution to this problem is to formulate the imaging algorithms in an abstract way in a domain-specific language (DSL) and then automatically generate efficient C++ or CUDA code. A multi-layered approach is sketched that allows users to describe applications in a natural way from the mathematical model down to the program specification.
Introduction
Variational models are a common class of mathematical models used for imaging applications like image denoising, image segmentation, or image registration. Typically, one formulates an energy functional or a (time-dependent) partial differential equation (PDE) that have to be discretized and minimized resp. solved numerically. Often, models for different applications require similar building blocks like (sparse) matrix vector products or other linear algebra operations. However, efficient implementations have to take into account the concrete hardware platform and the context within the numerical algorithms and thus one often has to re-implement similar operations.
Within the project Advanced Stencil-Code Engineering (EXASTENCILS) 1 we propose a multi-layered domain-specific language that provides an interface to users and developers of imaging algorithms. In figure 1 on the left side these layers are summarized starting from the continuous variational model, its discretization, application and algorithm specific settings, down to a program specification that is close to source code.
Code Generation Prototype
A first prototype for this concept was realized in the Scala language. Here, DSL descriptions on the different layers are parsed, transformed into an implementation-oriented representation, and then pretty-printed to C++ or CUDA source code. An important feature is that the user only has to specify layer 1, all other layers can be automatically generated from layer 1 using domain-specific knowledge. This becomes possible due to the limited scope of the domain, i.e. currently variational models are supported that require the numerical solution of an elliptic PDE via multigrid. However, the users can adapt the descriptions on all layers manually to include further applications. Figure 1 shows part of the DSL programs for doing HDR compression in the gradient domain as described in [1] . Here, one has to solve the PDE
A second application is image denoising via a nonlinear isotropic complex diffusion process modeled via a time-dependent PDE [2, 3] . Note that it results in completely different source code compared to solving the simple PDE from eq. (1). Table 1 lists some preliminary solver runtimes for generated codes running on a quad-core Intel Xeon Processor E5-1620 v2 and an NVIDIA GeForce GTX 680. 
Future Work
Clearly, it is a very challenging project to fully develop such a multi-layered DSL. Currently, we optimize the generated code [4, 5] , add more multigrid components, improve the DSLs and the transformations framework in Scala [6] , add distributed memory parallelization for larger applications [7] , and apply domain-specific optimizations [8] .
